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FOREWORD

This final Engineering Report contains the complete technical
account of the data gathered by the Short Range Attack Missile
(SRAM) support program of Boeing Aerospace, Seattle, Washing-
ton, started under Engineering Assignment (EA) Number
87-7-1-12, and suspended by Oklahoma City Air Logistics Center
(OC-ALC), Tinker Air Force Base, Oklahoma, due to lack of
funds. The report was completed under Recurring Engineering
Assignment Numbers 88-7-5 and 89-1.

ABSTRACT

A series of tests was conducted at the Boeing Aerospace facil-
ity in Kent, Washington on a SRAM-A helium gas bottle (-APCOz-,--
-/51, to determine the feasibility of measuring gas
pressure within the helium bottle by ultrasonic technique. The
method, based on measurement of the speed of ultrasonic waves
transmitted through a medium at constant pressure and tem-
perature, provides the ability to determine bottle pressure
without the necessity of removing the bottle from the missile.
This bottle had previously been used for pressurizing the
Flight Control Actuation System.

The ultrasonic waves were introduced into the bottle by a
transducer attached to one side of the gas bottle and received
by a transducer attached 1804 directly opposite the input
transducer. The amplitude of the ultrasonic signal decreased
with decreasing pressure, proving that the method was feasible.?
It was later determined that the simplest and most accur9.,6
method of calibration was to measure the elapsed time bet~een
the sound r-vfikten-t•inz the gas medi-vý Iti was de-
tected leving the gas medium at constant pressure and tem-
perature. Che process was further developed leading to the
successful use of a single ultrasonic transducer placed on the
side of the bottle, at any convenient location, to transmit and
receive the ultrasonic signals passing through the medium. Only
the shroud around the aft end of the SRAM-A missile requires
removal to provide access for measurement. jCalibration curves
were develoAfat 40'F, 70-F, and
10 0F.V% -*jO
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1.0 INTRODUCTION AND BACKGROUND

Flight test telemetry data from a successful Antisatellite
Missile (ASAT) flight in August, 1986, indicated a low
pressure (1020 psig) in the hydraulic control system. The ASAT
missile used the SRAM-A Flight Control Actuation Assembly
(FCAA). Normal pressure is near 3000 psig. The low hydraulic
pressure was attributed to a loss of pressure with time in the
helium bottle used to pressurize the hydraulic system in
flight. This led to a need to measure the bottle pressure while
on the missile but not by the existing method of removing the
bottle and weighing it. Both ASAT and SRAM-A flight actuation
systems utilize the same components, except that SRAM-A fins
are smaller, and a 3000 psig hydraulic system pressure is
required by the SRAM-A missile. Because the ASAT missile flies
at higher altitudes with lower Q loads, successful flights may
be obtained with lower hydraulic system pressure.

The hydraulic system accumulator/regulator is pressurized from
a 5000 psig gaseous helium bottle. The most probable cause for
low system pressure is a low bottle pressure. The present
method of determining the amount of helium in a SRAM-A bottle
requires removing the bottle from the missile hydraulic system,
scraping and cleaning the bottle, weighing the bottle to deter-
mine the mass of gas present, comparing the measured weight to
the weight in the initially filled bottle, preparing and apply-
ing adhesive, reinstalling the bottle on the missile, purging
the hydraulic system and checking the helium system for leaks.
This procedure suffers from many disadvantages, including dif-
ficulty of performing this procedure in the field, the neces-
sity of skilled, trained personnel to do the bottle removal/
reinstalling, the necessity of a calibrated balance, the time
and cost involved in removing and reinstalling the bottle and
the required purging and pressure leak test of the system.

A portable method to determine the feasibility of measuring he-
lium bottle pressure by ultrasonic technique without removal of
the bottle from the missile was proposed by this Engineering
Authorization (EA). Successful results would provide easy
identification of low pressure bottles in the SRAM fleet.

An acoustic technique to determine content levels of gas or
liquid in storage containers was originally developed at
Boeing. This technique addresses a perceived need for a simple,
reliable, accurate, and non-invasive method for orbiting space-
craft and space platforms. In this EA, following a successful
proof of principle test, a simplified version of one acoustic
gage method was adapted. These tests, results, and test
hardware required are described and presented in this report.
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2.0 DISCUSSION

2.1 Engineering Assignment (EA) Tasks

The tasks required by EA 87-7-1-12 and 12A are listed below. A
copy of the EA and the revision are contained in Appendix A.

A. Obtain suitable SRAM helium bottle for testing.

B. Formulate test plan and procedures from inputs.

C. Prepare test setup.

D. Conduct test in laboratory taking ultrasonic measurements
and weighing the gas in the bottle at known pressure
decrements.

E. Evaluate the test data and document results.

F. Measure pressure in Boeing helium bottle S/N 3841.

G. Perform EMI test of ultrasonic equipment to verify squib
safety.

H. Calibrate measurements of two Boeing bottles and two
APCO bottles (Government Furnished Equipment; GFE).

J. Design and build a prototype test fixture and provide
instructions for use.

K. Verify test with production bottles, at least four (4) of
each kind.

L. Host a Technical Interchange Meeting (TIM) in Kent, Wa.

M. Prepare a final report, covering both original EA 87-7-1-12
and its revision, EA 87-7-1-12A.

2.2 Description of Work Done

All of the tasks listed above have been accomplished, with the
exception of the Boeing bottle final calibration curve in Item
2.1H The second Boeing test article (GFE) was not provided in
time to complete the testing and to construct a final calibra-
tion curve before work was suspended. However,a calibration
curve of the single Boeing bottle is included in this report
and labeled "Preliminary".

2.2.1 Test Procedure

The first test article, an APCO-built SRAM-A helium bottle (S/N
5016), was thoroughly cleaned, inspected, and subjected to a
proof pressure test with water at about 7500 psig. The bottle
was then assembled into the test configuration shown in the
schematic diagram in Figure 1. The bottle was connected to a
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pressurized helium storage bottle by a tube with appropriate
valves and fittings to allow filling the test bottle to about
4500 psig, venting where required and then disconnecting the
line. A calibrated pressure transducer (accurate to 0.5% at
full scale) was placed in the line on the test bottle side of
the gas line disconnect valve to allow continuous monitoring of
the test bottle internal pressure (see Figure 1A). A burst of
ultrasonic waves was then injected into the metal wall of the
bottle through the ultrasonic input transducer attached to
one side of the bottle. Part of the signal followed the metal
path of the cylinder wall and was sensed by the ultrasonic out-
put transducer placed 180° opposite the input transducer as
shown in Figure lB. The signal also passed through the helium
gas and was sensed by the output transducer on the other side
of the bottle. Since sound travels faster in the metal path
than the gas path, the signal passing through the gas lags be-
hind the signal passing through the metal path by a finite
time. Density of the gas increases with increased pressure and
the ultrasonic pressure measuring technique is based on the in-
terpretation of the time it takes for the ultrasonic signal to
pass through the gas at different pressures.

Output signals from the pressure transducer and a standard
thermocouple taped to the test bottle were connected to a data
recorder/display unit shown in Figure 2. During the initial
tests two ultrasonic transducers were mounted in a silicone
rubber sleeve which fit securely over the end of the APCO
bottle and precisely positioned the transducers 180 degrees op-
posite one another (Figure 3). A small amount of silicone
based coupling gel was placed on the transducers before each
test run to ensure good coupling between the transducers and
the bottle surface. The transducers were connected by cables
to a Nortec NDT 150 ultrasonic transmitter/receiver unit (Fig-
ure 2) to introduce and record the signals. The initial trans-
ducer tried with the APCO bottle operates at a frequency of 5
MHz. This provided a clear, strong signal with clear separation
between the metal bottle response and the gas response to the
applied ultrasonic signal. It was found later, when the Boeing
bottle (S/N 3841) was tested, that a 10 MHz transducer was re-
quired to detect the signal passing through the gas and
separate it from the signal passing through the metal path.
This 10 MHz transducer was tried successfully on the APCO
bottle and was used for all tests thereafter.

The acoustic signal, after travelling through the metal bottle
and the gas,was displayed on the Nortec oscilloscope screen
where it was photographed. A typical signal trace through he-
lium gas at 4560 psig showing separation of gas and metal re-
sponses is shown in Figure 4. At the far left of the figure is
the introduction of the signal. The damped metal bottle re-
sponse is shown in the middle, and the gas response is shown to
the right. The bottle response shows the "ringing" in the metal
wall from the input ultrasonic signal, which reflects inter-
nally through the wall. Constructive and destructive interfer-
ence between these multiple reflections results in a series of
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peaks of different amplitudes in response to a single incident
peak.

The velocity of the acoustic signal is proportional to the den-
sity of the media in which it is travelling. It is much slower
passing through the helium than through the steel bottle wall
because of the density difference. The sound response from
traversing the gas appears later and to the right of the bottle
response on the time axis shown in Figure 4. The bottle re-
sponse in this test configuration was damped by the silicone
rubber sleeve in which the transducers were mounted and by the
gel placed on the interface between the transducers and the
bottle.

The oscillograph screen was normally set to display the
full-wave rectified gas response seen in Figure 4. The series
of peaks of the gas straight-through acoustic signal and the
time difference between each peak is directly related to the
bottle wall thickness. Velocity and amplitude of the peaks in-
creases as pressure is increased (with temperature held con-
stant). Variations in these peaks are caused by constructive/
destructive interferences between these multiple reflections.
A 0.05 microsecond wide "gate", as shown in Figure 4 , and the
time based capabilities of the Nortec unit to separate the gas
from the helium signal provide direct measurement of
"time-to-first-peak". This is defined as the difference in
microseconds between the incident signal and first peak of the
gas response series. The amplitude of each peak of the gas re-
sponse series was read off a digital voltmeter interfaced to
the gate output of the Nortec. This response time is calibrated
versus helium pressure.

Detailed test procedure is described in the test plan and pro-
cedures in 2-3631-GKD7-017, Appendix B. A condensed, general
description of the test procedure for the initial tests is as
follows:

The empty APCO bottle and its mount, along with the
transducers/sleeve mount, pressure transducer, thermocouple,
vent valve and line with quick disconnects uncoupled were
weighed on a balance scale shown in Figure 4A to provide a tare
value. The bottle had been previously purged with helium gas
and had an internal helium pressure of about 15 psig. The
bottle was then re-connected to the source gas line and
pressurized to about 4500 psig, or as high as the available
pressure in the helium source supply bottle. Quality of the
helium was the same as the originally filled bottle (impurities
less than ippm). The bottle was then disconnected from the
source gas line and was allowed to stabilize for one hour to
reach thermal equilibrium at the laboratory ambient temperature
(70"F). The test article was weighed again to obtain the
helium gas weight in the fully pressurized bottle. The various
transducers and sensors were then re-connected, gas pressure
and temperature measured and recorded, and the initial observed
ultrasonic signal traces were photographically and numerically



EA 87-7-1-12
Page 12

recorded (peak amplitude voltage and time to peak for the seven
strongest pc -ks in the gas response). After this data was re-
corded, helium pressure was reduced in the test article by ap-
proximately 300 psig. The test article was allowed to
equilibrate for a few minutes until bottle temperature and
pressure stabilized and another set of data was taken at this
new, lower pressure. All connectors were then removed and the
test article was weighed to obtain change in gas weight. This
was repeated in decrements of 300 psig until either the helium
pressure was at laboratory ambient or until the gas response
peaks were indistinguishable from the baseline system noise.
The numerical data was then plotted as (1) average time-to-peak
versus pressure, (2) average peak amplitude versus pressure,
(3) normalized peak area versus pressure and (4) time-to-first
peak versus pressure. Eight initial test runs were performed
to evaluate repeatability, precision, and effects of gas con-
tamination level. Helium samples with total impurities less
than 10 PPM (including water impurities less than 1.5 PPM), as
well as with total impurities less than 1 PPM, were tested to
ascertain if these impurities affected the ultrasound measure-
ments but no significant differences were detected. The bottles
were originally filled with helium containing total impurities
less than 1.0 PPM at the time of delivery.

Later, a single ultrasonic transducer was applied to the
surface of the bottle and was used for the input signal as well
as the receiver for the output signal. Initial results were so
promising that the calibrations were rerun for each bottle
using the single transducer. These produced the final
calibration curves. Test procedure was the same as that used
with two transducers except that data was obtained at three
different temperatures (400F, 70°F, 100°F) and it was no longer
necessary to weigh the gas in the bottle.

The test article was filled with helium gas to approximately
5000 psig at 70°F and placed in an environmental chamber at
room temperature (70°F). Bottle temperature, gas pressure and
time- to- first- peak were recorded, and the bottle temperature
was then lowered to 40 0 F. After bottle temperature and pres-
sure reached equilibrium and were recorded, time-to-first-peak
was recorded and the bottle was warmed to 100°F and again al-
lowed to reach equilibrium. Data was recorded as above and
bottle pressure was then reduced 300 psig. After reaching
equilibrium, data was recorded as above and the bottle tem-
perature was reduced to 700F. After reaching equilibrium, data
was recorded as above and bottle temperature was reduced to
40°F. Data was recorded as before after equilibrium was
reached and bottle pressure was then reduced 300 psig. The
cycle was repeated at each 300 psig decrement until the ultra-
sonic signal was no longer clearly distinguishable above the
electronic noise level of the system. Data was obtained in this
manner for developing the final calibration curves at 40oF,
70"F, and 1006F temperatures to allow interpolation for testing
at ambient temperature.
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2.2.2 Results

2.2.2.1 APCO Bottle

The initial test article was APCO bottle S/N 5016. The first
series of test runs, identified as tests named He-i through
He-8, were conducted at a nominal temperature of 70°F. The
first run (He-l) was a limited exploratory experiment to deter-
mine the appropriate transducer frequency to be used. Gas re-
sponse peak amplitudes were directly related to magnitude of
the helium pressure. This data is included in Appendix E.
Results from the second to the eighth test runs are shown in
Figures 5 through 7. The second run (He-2) was a more detailed
test in which data on gas weight (Figure 5), average
time-to-peak (Figure 6) and peak sound wave amplitude (maximum
voltage, Figure 7) were plotted as a function of helium pres-
sure. Bottle weight was measured on the balance scale shown in
Figure 4A. Runs He-3 through He-6 were performed to evaluate
the repeatability of the measurements and refine the experimen-
tal procedure. Results are shown in Figures 8 through 17. Runs
He-I through He-6 were conducted using grade 6 helium (1 ppm
impurities), while runs He-7 and He-8 were performed with a
lower grade of helium (grade 5; 10 ppm impurities) to evaluate
any possible effects of a higher contaminant level on the
acoustic gage technique. The small differences in impurities
had no significant affect on the ultrasound measurements.

Early in this series of tests, it became apparent that the
time-to-peak data was the most accurate, reliable, simple and
reproducible. This data is essentially a measure of the
velocity of sound through the pressurized helium gas as a func-
tion of gas pressure at constant temperature. Figure 8 shows
the results of averaged time-to-peak data plotted against mea-
sured helium pressure for runs He-2, -3 and -4. Figure 9 shows
similar data for He-4,-5,-6, and Figure 10 shows similar data
for He-6,-7 and-8. Over the range of pressures of about 2000
to 4700 psig the plots for each test run are similar and over-
lap, with very similar slopes. Below 2000 psig some deviations
were observed, primarily for He-2 and He-3 (Figure 8). These
deviations are attributed to an insufficient waiting period be-
tween gas venting (i.e., reducing the bottle's internal helium
pressure) and recording test data. Additional time was required
between these steps to allow internal gas turbulence to subside
and for the gas/bottle system to thermally equilibrate. This
equilibration time was 4 to 5 minutes. Figure 11 shows the
data spread for all average time-to-peak data points collected
for runs He-2 to He-8. Linear least squares regression
analysis oS this combined data gives a slope of -1.45 x 10 ±
0.03 x 10 with an intercept of 66.9 ± 0.1 microseconds.

Figures 12 and 13 show analogous plots of gas response peak
amplitudes (volts) for runs He-2 through He-6. These plots are
also consistent from run to run.
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The normalized peak area of the gas response as a function of
pressure for a test run was determined by manually cutting out
the gas response peak envelope from copies of the photographed
signal traces, weighing the traces, and dividing each weight by
the largest weighing value (which was invariably the trace
taken at the highest gas pressure used in each run). Figure 16
shows the resulting data spread for He-2 through He-6 for this
measurement. Use of electronic digitizing methods to determine
peak area more precisely would reduce the spread of the data,
but would require more equipment to do the digitizing as com-
pared to the time-ot-peak measurement method.

Figure 17 is a plot of the weighed mass of the helium gas as a
function of the gas pressure for runs where gas weight data was
recorded (He-l, He-2, He-7). In the first run ( He-l) the gas
weight plotted against pressure resulted in the expected near
linear relationship. The plots for later test runs (He-2, He-7)
are off-set from the results of He-i ai• may indicate the true
reliability and consistency of the weighing method previously
and presently used to determine the weight of helium gas in
SRAM-A bottles. Figure 17A shows this significant data spread
of gas weight at measured pressure for several test runs of the
APCO and Boeing bottles.

2.2.2.2 Boeing Bottle

The first Boeing test article (S/N 3841) was a bottle taken
from the ten year bottle surveillance program at Boeing Aero-
space. In the 1987 Final Letter Report EA-87-7-l-3, this bottle
indicated a possible 14% low helium weight. The initial ultra-
sonic measurement with this bottle was taken before the bottle
seal had been opened and the pressure transducer inserted. The
initial bottle pressure reading by pressure transducer was not
obtained at this data point. The test procedure was the same as
previously used for the APCO bottle except that the bottle was
not weighed at each pressure decrement to obtain the mass of
gas. All tests were conducted at a nominal ambient temperature
of 70°F.

Three additional runs were made in which the weight of gas was
also taken at each pressure. Time-to-first-peak versus bottle
pressure for these three runs and the initial run is shown in
Figure 18. The last run (8/7/87) shows an increase in time to
reach first peak at the measured higher pressures compared to
the previous runs. This increase in time gradually diminished
as the test run proceeded and became imperceptible. An op-
erational checkout of the electronic test equipment later re-
vealed that a warm-up time of approximately 20 minutes is
required to reach steady state operating temperature. It is
seen that a composite of the data produces a curve that is al-
most linear within the pressure range of interest for this ap-
plication (4000-5100 psig). Test results show that bottle S/N
3841 must have been initially between 4900 and 5100 psig as
measured by the ultrasonic technique. The bottle, therefore,
must have been full pressure instead of 14% low by weight.
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Production bottles, (S/N 3316, 3195, 3095, 3466, 3251 and
3597), are all more than 10 years old. As measured by ultra-
sonic technique, all appear to be within the same pressure
range (4900-5100 psig) and indicate a full or near full condi-
tion. Figure 19 illustrates the time-to-first-peak versus gas
pressure for the APCO and Boeing bottles and illustrates the
differences in the ultrasonic signatures of the two bottles.
The gap between the two curves is caused by a difference in
bottle wall thickness (Boeing bottle is 0.1 inch thicker than
APCO bottle) and alloy microstructure. This illustrates the ne-
cessity for separate calibration curves for the Boeing and APCO
bottles. Subsequent examination showed that the weighing data
was probably in error-a small screw was not accounted for.

2.2.2.3 Single Ultrasonic Transducer Measurements

Following the initial successful demonstration of pressure mea-
surement with a single transducer to Boeing Management (Ap-
pendix F), several test runs were conducted at room temperature
(709F ±2"F) using a single transducer. This is referred to as
the "pulse-echo" method. The test procedure was the same as
that used previously except that mass of the helium gas was not
weighed. Raw data from six runs with Boeing bottle S/N 3841 is
plotted in Figure 20 to demonstrate the consistency of results
with this method. The time-to-first-peak is approximately
twice that measured with two transducers (Figure 18). Since the
single transducer operates as the transmitter and receiver, the
induced signal is transmitted to and reflected from the oppo-
site side of the bottle and travels approximately twice the
distance of the signal introduced with two transducers.

Simplicity of measurement technique and portability of the test
equipment were two major objectives. The relative ease of
measuring pressure by ultrasonic technique with a single
transducer, and the relative inconsistency in determining the
quantity of gas in the bottles by the weighing method, led to a
technique of normalizing the measured pressure (by ultrasonic
technique) to the original filled bottle weight/pressure at the
original filling temperature (70"F). Tests were conducted in a
temperature controlled chamber at 400 F, 70°F and 100°F with
two government furnished (GFE) APCO bottles (S/N 5016 and 5128)
and one Boeing bottle (S/N 3841). A second GFE Boeing bottle
was to be tested but was not available in time to complete the
tests. Two runs were conducted on each of the APCO bottles us-
ing the same test procedures as before except weight measure-
ment of the mass of gas in the bottle and each ultrasonic
measurement was preceded by taking a reading from an ultrasonic
calibration reference standard to compensate for possible small
null shifts in the instruments. The bottle was filled to 5000
psig at room temperature, placed in the environmental chamber
at 70"F and bottle temperature, pressure, and time-to-first-
peak were recorded after reaching equilibrium. The chamber tem-
perature was decreased to 40"F and bottle temperature,
pressure, and time-to-first -peak were recorded after reaching
equilibrium. Chamber temperature was then increased to 100"F
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0 and data was recorded as above after equilibrium was reached.
Bottle pressure was reduced by approximately 300 psig and data
was recorded as above after equilibrium was reached. The tem-
perature was decreased to 70°F and then to 40°F with the same
data recorded as above after equilibrium was reached. This was
followed by decreasing bottle pressure by approximately 300
psig and the cycle was repeated. This procedure provided data
for ultrasonic pressure measurements for a constant volume and
mass of gas at three temperature isotherms. All of the test
data was reduced and normalized and the calibration curve for
the APCO bottle is presented as Figure 21. Figure 22 is a pre-
liminary calibration curve based on the one Boeing bottle
available.

The temperature limit (400F to 100°F) was selected as the
minimum and maximum laboratory temperature range in which a
missile would be serviced. Minimum bottle pressure of 4750
psig, normalized to 70"F, is shown on each of the calibration
curves as an "accept" or "reject" gage and may be considered as
the preliminary minimum allowable pressure for bottle use on a
SRAM-A flight at this time. This value was obtained by calcu-
lating the pressure using a gas leakage rate of 2.0 X 10-4
lbs/year for a minimum period of 10 years (Reference 1). This
curve may be used as a "Go/No-Go" curve such that if the mea-
sured time-to-first-peak results in a bottle pressure less than
4750 psig when normalized to 700F, the bottle is unacceptable
for use and should be removed from the missile. The finalized
minimum acceptable bottle pressure will be determined from the
results of a study detailed in reference 2. An example of the
use of the curve is shown in Appendix D.

2.2.2.4 EMI Test

One of the tasks to be accomplished in this EA was to perform
an EMI test of the ultrasonic equipment to verify safety of use
in the immediate vicinity of a SRAM-A missile. An EMI/EMC
analysis was conducted in lieu of a test and it was concluded
that the energy levels generated by the ultrasonic test equip-
ment (Nortec NDT-150 unit) are 70 to 100 times less than the
squib qualification level. There is no danger of EMI firing a
squib on the missile. A shorting plug for the helium bottle
should be installed before using the helium bottle ultrasonic
test equipment as a precautionary measure and ' is in the
instructions in Appendix D. It was concluded that safety
margins are sufficiently high to safely operate the equipment
on a complete missile.

The full EMI analysis is included in Appendix C.

2.2.2.5 Technical Interchange Meeting (TIM) at Boeing

A Technical Interchange Meeting was held at Boeing Aerospace in
Kent, Washington, on 16 September 1987, as part of the OC-ALC
Quarterly Review. The ultrasonic measuring technique was
demonstrated to Boeing and OC-ALC personnel during the review
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in the SRAM-A Systems Integration Laboratory (SIL). A bottle
with a live squib (Boeing S/N 3749) installed on a production
configured ground test missile was used. The measurement tech-
nique was also demonstrated to Boeing management on 1 October
1987 in the SRAM-A SIL. Pressure was also measured on a bottle
with a live squib (APCO S/N 5045) installed on a ground test
missile using a single ultrasonic transducer as a transmitter
and receiver. This illustrated successful pressure measurement
with a single transducer. Only the missile shroud required re-
moval from the missile for taking a pressure measurement.

2.2.2.6 Prototype Test Fixture and Instructions for Use

A molded plastic prototype test fixture with the specified
single ultrasonic transducer was designed, built and tested and
is illustrated in Figure 23. The fixture, with its transducer,
may be attached to either the APCO bottle or the BOEING bottle
at any convenient location and held in place by two small mag-
nets imbedded in the fixture. Installation of the test fixture
on a bottle installed on a missile is shown in Figure 24. This
frees the operator to manipulate the portable electronic equip-
ment required to detect and readout the ultrasonic pressure
signals. No perceptible differences in readout were noted when
placing the fixture at different locations on the bottles. A
sketch of the original concept of the test fixture is shown in
Figure 25.

The electronic equipment, which is used to process and readout
the ultrasonic signal, may be mounted in a 35 to 40 pound metal
case the size of a large breadbox (8 3/4"wide xll l/2"high
x23"deep) and can be easily transported on a small cart as
shown in Figure 26. The measurement system meets the objective
of portability. The electronic equipment is standard
off-the-shelf laboratory equipment which is illustrated in Ap-
pendix D. Instructions for measuring pressure with the neces-
sary electronic equipment used in these tests as well as an
example for its use are contained in Appendix D. An early model
of the recommended NDT-150 equipment is shown in Figure 27.
Components used in the tests and the recommended components are
listed below:

COMPONENT USED IN TEST RECOMMENDED

1. Ultrasonic instrument NORTEC NDT 150 NORTEC NDT 150
system with CRT display

Pulser/receiver NORTEC NDT 153P NORTEC NDT 153P
Gate module NORTEC NDT 158P NORTEC NDT 154
Sweep/time base NORTEC NDT 151P NORTEC NDT 151P

2. Transducer, 10 MAHZ, Panametrics V312 Panametrics V312
1/4" flat

3. Cable Endevco 3090c Endevco 3090c
4. Transducer fixture see Appendix D see Appendix D
5. Couplant Ultragel II Ultragel II
6. Reference standard see Appendix D see Appendix D
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2.2.2.7 Measurement of Pressure in Production Bottles

Six Boeing production bottles and seven APCO production bottles
were measured for pressure using the ultrasonic technique.
This was performed with a single transducer system as well as
with the two transducers for comparative purposes. The values
of these tests are shown in Table 1. Values of time-to first-
peak among all Boeing production bottles and among all APCO
production bottles are very consistent. When these values, mea-
sured with the single transducer, are translated to the
calibration curves on Figures 21 and 22 it is seen that pres-
sures are all very close to 5000 psig (at 70"F).
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3.0 SUMMARY AND CONCLUSION

The flight occurrence of a possible low pressure helium bottle
on a flight vehicle (ASAT) and possible indications of low
pressure bottles in the Boeing and Hill AFB surveillance pro-
gram make it imperative that helium pressure be known. SRAM-A
must have a pressurized helium bottle to fly its mission.

The two main objectives of this EA were:
1. Determine feasibility of a portable ultrasonic

technique for measuring the pressure inside a sealed
SRAM helium bottle without removal from the missile.

2. Develop calibration curves and prototype hardware to
measure bottle pressure on missiles in the field.

Both objectives were met.

The following conclusions have been drawn from the test
results:

A. The non-intrusive ultrasonic technique has proven to be a
viable method of measuring pressure inside a sealed SRAM-A
helium bottle without removing it from the missile. It is a
preferred alternative to the present gravimetric (weighing)
method of measuring helium gas pressure in SRAM-A bottles.

B. Measurement of the time for ultrasonic waves to travel from
transmitter to receiver (across the helium bottle and back) as
a function of gas pressure (time-to-first-peak) is the most
accurate, precise, and reproducible of the acoustic gage
methods evaluated.

C. Helium bottle pressure may be determined with the use of a
single transducer on either APCO or Boeing bottles without
removing any parts or components from the missile hydraulic
system.

D. A calibration curve has been developed for the APCO bottle
and a preliminary curve for the Boeing bottle. Finalized
calibration for the Boeing bottle requires one additional
bottle be tested for calibration. Separate calibration curves
are 'required for the bottle design of each of the two
manufacturers because of the physical differences of wall
thickness and alloy microstructure.

E. Procedures for measuring helium pressure have been devel-
oped.

F. Prototype hardware has been developed for measuring helium
gas pressure in a SRAM-A bottle in the field.

G. The acoustic gage measuring technique can be easily per-
formed in the field by maintenance personnel in a relatively
short time. This should result in significantly lower overall



EA 87-7-1-12
Page 20

costs than weighing the bottles.

H. Impurity levels in the helium gas, up to 10 ppm, do not af-
fect the results for this time-to-first-peak method of deter-
mining helium pressure.

I. Presently used weighing methods of determining helium
weight are not as accurate as the acoustic gage techniques.

J. Labor involved in the current method of removing the helium
bottle for weighing, and cleaning, weighing, mixing and
applying adhesive, reinstalling the bottle, purging, and
leak-checking the hydraulic system is significantly higher than
using the ultrasonic technique.

K. Helium bottle S/N 3841, thought previously to be 14% low,
was found to be approximately 5000 psig.
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4.0 RECOMMENDATIONS

A. OC-ALC should approve a follow-on EA for testing the second
Boeing helium bottle to provide a finalized calibration
curve for the Boeing bottles. A TIM to Hill AFB to
demonstrate the ultrasonic measuring technique on a missile
in the field should be included.

B. Conduct an ultrasonic pressure measurement of the helium
bottle during scheduled Level One tests.

C. Conduct an ultrasound pressure measurement of the helium
bottle on the missile whenever the aft cover is removed.

D. OC-ALC/Hill AFB/BAFB should acquire the recommended compo-
nents listed in paragraph 2.2.2.6 for ultrasonic pressure
measurement and ultrasound all FCAA's in overhaul at Hill
AFB.

E. OC-ALC should recommend to the Air Force to procure the
necessary equipment to perform the tests described in
RECOMMENDATIONS B and C.
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COORDINATION SHEET

"FROM M/S 8J-96

TO! C.ý E. Hilsinger 8J-70 NO: 2-3631-GKD7-017
R.f R. Martin 86-14

St ITEM NO:

CC: R. A. Burns 73-09 DATE: February 27, 198
F. J. Crotty 8J-98
J. H. Gosse 8Y-78 MODEL: SRAM-A
L. R. Hause 8W-11
J C. Johnson 8Y-785-
M. W. Johnson 8Y-78
T. J. Kramer 82-23
J. C. Mendez/ 3A-52
J. L. Gruber
T. S. O'Neill 8J-91
L. P. Torre 8Y-78
W. L. Wilson 82-21

GROUP INDEX: SRAM-A Technology Staff

SUBJECT: Test Plan and Procedures to Measure Helium Bottle
Pressure by Portable Ultrasonic Technique

SREFERENCE: Engineering Assignment 87-7-1-12 dated 15 January 1987
Subject: Feasibility of Portable Ultrasonic Method to
Measure Pressure of a SRAM-A FCAA Bottle Without
Removal from the Missile

A test plan and procedure has been developed to perform a test to
evaluate the feasibility of measuring helium gas pressure in a SRAM-A
bottle which pressurizes the FCAA hydraulic accumulator/regulator.
This is in response to the reference which describes the problem of a
low hydraulic system pressure during a flight test and the tasks which
are to be accomplished. The test plan and detailed test procedures are
contained in the attachment.

A. G Olson
SRAM-A Technology

O K•. Dfgseth
SRAM-A Technology Manager

S~ Attachments (2)
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Attachment 1 to:
2-3631-6KD7-017

TEST PLAN FOR HELIUM BOTTLE PRESSURE MEASUREMENT

Bf PORTABLE ULTRASONIC TECHNIQUE

1. Introduction

Tests will be conducted to determine feasibility and method of
measuring helium gas pressure within a sealed pressurized bottle using
ultrasonic technique. A successful technique will make it possible to
measure the pressure within the helium bottle installed on a SRAM
missile without requiring its removal from the missile and the
man-hours required to accomplish the task and subsequent reinstallation
and purging tasks.

2. Test Plan

The test article will be an expended SRAM-A helium gas bottle
manufactured by APCO. The test article will be thoroughly cleaned,
examined, and subjected to a proof pressure test before being assembled
into the test configuration shown in Figure 1.

PRESS. TNEAOER

CONNECOR (TYFigure 1

6000 PSS G SOEUCE

After assembly into the test configuration of Figure 1, tare weight of
the test article will be determined. The bottle will then be filled
with helium gas to 5888 psig and the test article will be weighed to
determine the initial quantity of gas in the bottle.

Ultrasonics will be applied to the gas bottle at pressivre decrements
and parameters in gas and bottle will be recorded (weight, pressure,
temperature). A calibration• curve will then be plotted from selected
parameters which will enable the mass of helium in the bottle to be
determined from measured ultrasonic parameters, and converted to

* pressure using the perfect gas law equation.

Repeatability of results will be verified by conducting several runs.
This will be followed by applying ultrasonics to low weight Boeing
helium bottle S/N 3841 in surveillance to evaluate accuracy and
repeatability of the technique.
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Attachment 2 to:
2-3631-GKD7-eI7

TEST PROCBOURES FOR HELIUM BOTTLE PRESSURE MEASUREMENT
"" BY PORTABLE ULTRASONIC TECHNIQUE

1. Introduction

The test procedure below will be followed when conducting the test with
the test article configuration and instrumentation specified herein.
Tests will be conducted in the centrifuge room in the basement of
building 18-24 of The Boeing Space Center complex in Kent, WA.

2. Objective

The test objective is to obtain sufficient test data from an ultrasonic
technique to construct a test article calibration curve from which
helium gas weight and pressure may be obtained, using measured
ultrasonic parameters of production bottles installed on SRAM-A
missiles.

3. Instrumentation and Equipment

The instrumentation and equipment required to perform the test are

listed as follows:

o APCO helium bottle, S/N 5816

o Pressure transducer 0-7500 psig

o Power supply & Digital volt meter

o Thermocouple 500- 125*F, and read-out

o Pressurized He gas source 6088 psig

o Precision balance scale (weigh to 8.881 lb.).

o Hand shut-off needle valve (fine thread)

o -3 ft. SS - 7580 proof pressure tubing

o Vent valve

o Shut-off valve on He gas source

o Hand Loader
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o Fixture to secure equipment to floor/bench

o Ultrasoni4c pulser/receiver

"o Ultrasonic transducers (3 sets)

o Spectrum analyzer (range of 0.5 Mhz - 5 Mhz)

o Camera

.o Peak/hold digital volt meter to measure peak wave amplitude

4. Test Procedure

4.1 Preparation of test article (Figure 1).

4.1.1 Proof pressure test the bottle to 7580 psig using water.
Measure and record volume within bottle. Dry out moisture.

4.1.2 Install tubing, hand valve, pressure transducer, coupling.

4.1.3 Install thermocouple on bottle.

4.1.4 Install ultrasonic transducers on bottle.

S 4.2 Weigh test article.

This procedure shall be accomplished under clean handling
conditions.

4.2.1 Weigh empty test article configured according to Figure 1 on
precision balance scale to closest 0.001 lb. This is tare
weight.

NOTE: Be sure to disconnect thermocouple and ultrasonic lines
before weighing.

4.3 Baseline Ultrasonic response of empty gas bottle at ambient
pressure and temperature.

4.3.1 Connect lines to ultrasonic pulser/receiver, thermocouple
read-out and pressure transducer.

4.3.2 Check correct operation of ultrasonic equipment. Record
each set of transducers being used.

4.3.3 Take ultrasonic measurements at three frequencies and different
locations on the bottle:

1.8 Mhz

2.25 Mhz

5 Mhz

Record gains, time display, etc. on data sheet.
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4.4 Pressurize test article (at room temperature 70°F).

4.4.1 Connect anditighten the pressure coupling between the bottle and
1. the 6000 psi, He pressure source.

4.4.2 Open the shut-off needle valve, close vent valve and check hand
loader valve to assure it is closed.

4.4.3 Open hand loader valve to obtain full test article bottle

pressure of 5000 psig.

4.4.4 Record pressure transducer reading at test article.

4.4.5 Close shut-off needle valve and hand loader valve. Vent the
line between coupling and pressure source to the atmosphere.

4.4.6 Disconnect pressure source at coupling. Disconnect
thermocouple, ultrasonics and pressure transducer. Check test
article for leaks with sniffer at all joints and fittings. No
leaks are permitted.

4.4.7 Weigh test article (Fig. 1) on precision balance scale to
nearest e.081 lb. This is full bottle weight.

4.4.8 Re-connect thermocouple, pressure transducer and ultrasonic
lines and allow temperature to stabilize at room temperature.

4.4.9 Subtract tare weight in 4.2.1 from full bottle weight. This is
weight of He in bottle (approx. e.07 lbs). Calculate He volume
in tubing and add to volume of bottle found in 4.1.1. This is
total pressurized volume of helium.

4.5 Ultrasonic application

4.5.1 Check to verify connection of lines to ultrasonic
pulser/receiver.

4.5.2 Check operation of ultrasonic equipment. Record the set
of transducers being used.

4.5.3 Take ultrasonic measurements at three frequencies at different
locations on the bottle:

1.0 Mhz

2.25 Mhz

5 Mhz

Record gains, time display, etc., on data sheet.
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4.6 Pressure reduction

4.6.1 Disconnect tiltrasonics from test article at connector.

4.16.2 Carefully criack open the hand shut-off needle valve and reduce
pressure by 500 psig on pressure transducer.

4.6.3 Allow temperature to stabilize. Record temperature
and pressure.

4.6.4 Disconnect thermocouple and pressure transducer lines and weigh
test article (Fig. 1) on precision balance scale to nearest
0.001 lbs.

4.6.5 Subtract tare weight found in 4.2.1. This is gas weight in

bottle at pressure arid temperature in 4.6.3.

4.6.6 Reconnect all transducers arid repeat steps in Section 4.5.

4.6.7 Repeat steps 6 through 6.6 with pressure reduced in 580 psig
decrements down to a bottle pressure of 2800 psig.

4.7 Disposition of gas bottle

After all test points have been obtained, slowly open hand
needle valve and reduce pressure to atmospheric. Purge bottle
several times with air and weigh again. Compare with tare
weight. Disassemble test configuration and return test article
to storage.

4.8 Data Reduction

4.8.1 Identify bottle and gas response on oscilloscope traces. If the
responses were recorded digitally upon collection, prepare
difference plots of pressurized responses minus the empty
(baseline) response using digital subtraction of Fourier
analysis as applicable and time permitting.

Plot:

(a) Gas response peak amplitude vs gas weight.

(b) Gas response peak amplitude vs. gas pressure.

(c) Gas response peak area vs gas weight.

(d) Gas response peak area vs. gas pressure.

(e) Gas response peak Q (half-height peak width) vs gas weight

(f) Ratio of gas peak amplitude to bottle peak amplitude vs
specific wt. of gas in bottle.
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4.18.2 If possible,' repeat steps 4.2 through 4.7 to evaluate

repeatability ten times.

4.9 Production bottle

4.9.1 Obtain production Boeing bottle S/N 3841 and weigh on the
precision balance scale. Subtract stamped tare weight to obtain
weight of gas in bottle.

4.9.2 Apply and connect thermocouple and ultrasonic transducer(s) to
gas bottle. Record temperature and apply ultrasonics to bottle.

4.9.3 Record temperature, bottle and gas responses to ultrasonic
inputs in the same manner as the test article. Calculate gas
weight and pressure from test article calibration curve.

4.9.4 Compare weight of gas determined by ultrasonic method to direct
weight method. Compare corresponding pressure calculated from
perfect gas low equation. If time permits, apply ultrasonic
technique to low weight helium bottles in Boeing surveillance

* program.

4.9.5 If correlations and repeatability are acceptable, prepare
transducer sleeve/fitting for off-line demonstration.
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APPENDIX C

EMI ANALYSIS
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28 August 1987

2-1305-2-0087-032 Rev I

To: G. K. Dragseth B3-96

cc: A. 6. Dlson SJ-96
R. W. Lane 81-15

Subject: EA87-7-1-12A
EMI/EMC Analysis of SRAM Helium Bottle Test Set

The electrical characteristics of the NORTEC test equipment was
reviewed to determine if the signal characteristics could po-
tentially impact the EED circuits in the SRAM FAS. The test
equipment consists of a NORTEC NDT-150 unit which generates a
short pulse of energy to activate an ultrasonic transducer.

The pulse is about 250 volts peak and about 100 nanoseconds in
length with a pulse repetition -frequency (PRF) of 1500 pulses
per second (PPS).

Since the helium bottle squib is qualified to withstand a 25000
volt discharge from the pins to the case, the 250 volt pulse is
a factor of 100 below the transient qualification level. The
squib is also qualified to withstand a 1 amp/1 watt power ap-
plied to the bridgerires. The tester pulse of 250 volts for
100 ns at 1500 pps has an average value of 250v x 100ns x
1500pps = .0375 volts. If this average voltage were applied to
the nominal 1 ohm bridgewire, the average power would be about
1.4 milliwatts, which is about 70 times smaller than the
qualification level.

These calculations are based on a worst case scenario which as-
sumes no isolation between the squib and the pulser output
voltage, therefore, since large safety margins exist, no ad-
ditional EMC tests are considered necessary to determine actual
levels coupled into the EED.

As an extra safety margin, it is recommended that 'the shorting
plug for the helium bottle EED be installed before using the
helium bottle test equipment.

Note: This analysis is applicable for the helium bottle stand-
ing alone, in the SRAM FAS, or in a production configured mis-
sile.

Prepared B: ~ K /~Z

AD.R/ 
Bfrton/ý

Approved By:
E.H sri nger/

Concurrence/:!-•E 'l

Ordnance Engineering
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EQUIPMENT USED FOR ULTRASONIC

PRESSURE MEASURING TECHNIQUE

NORTEC NDT-150
ULTRASONIC FREQUENCY = 5 MHZ

TRANSDUCERS: AUTOMATION INDUSTRIES
.5 IN. DIA., 5 MHZ

DIGITAL VOLTMETER: KEITHLY 173

______
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APPENDIX D

DESIGN OF TEST FIXTURE

AND INSTRUCTIONS FOR USE



EA 87-7-1-12Page D-2

ACOUSTIC MEASUREMENT OF HELIUM PRESSURE IN
SRAM HELIUM PRESSURE BOTTLES

1.0 Background: This test procedure describes the test equipment and test
method for determining the pressure of the helium gas contained in SRAM-A
helium pressure bottles. This procedure was designed to perform the
pressure measurement without requiring removal of the bottle from the
missile.

2.0 Equipment required: (or equal)

Single Channel
1. Ultrasonic Instrument NORTEC NDT 150

Pulser/Receiver NORTEC NOT 153P
Gate NORTEC NOT 154
Sweep/Time Base NORTEC NOT 151P

2. Transducer, 10 MHz, 1/4", Flat Panametrics V312

3. Cable Endevco 3090C

4. Transducer Fixture (Per Drawing)

5. Couplant Ultragel II, or Equiv.

S6. Reference Standard (Per Drawing)

3.0 -Test Procedure:

1. Connect ultrasonic instrument (NORTEC NOT 150) to 110/120V line power
and pull power switch to turn on. Allow 30 minutes of warm-up time
before data recording.

2. Sweep module programming: NDT-151P (Fig. 1A)

Depress T Keypad 3.000, ENTR

Depress DLV, Keypad 810.0

Depress [-I, Keypad 70.0 ENTR*

Depress JTo select either compressed or
expanded view.

Any necessary adjustments of the delay EQ-Y[ or range RNG may be
made by depressing that function kvand rotating the control under
the digital display. Depressing Enjfl allows coarse or fine control
of the above adjustments.

* R6ME) MEA$L)OW36 gle P$)AJ 4i 4oTt-rL. Wi)qZ.4 A LiVEF SQ1
EA -7-1- L A -1r-" PLL)G I4) V46SQ0( Bef~ o01e Tc U

EA 87-7-1-12 Appndx -1-
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.3.0 Test Procedure (Continued)

3. Gate module programming: NDT-158P (Figure 18) pull V pos control and

rotate to position trace at top of screen.

Depress SURF to obtain U3 readout

Depress FIjl, keypad 0.050, ENTR

Depress [•], keypad 98.00, Ii

A vertical spike will appear in the trace which may be moved to the
left or right b rotating the control knob under the digital display.
Depressing F allows coarse or fine control of the spike position.

4. Pulser-Receiver programming: NDT-153P (Figure 1C)

Pull V pos control and rotate to position trace at bottom of screen.

Depress a , to obtain illuminated "lower" green light.

Depress _T ,to obtain - on display

Depress L to obtain illuminated "upper" green light

Depress -- , to obtain 1.00on display
Depress I , to obtain on display

Depress ý , rotate control knob to obtain 40 on display

Depress IINE], rotate control knob to obtain I on display

Connect transducer cable to "XDCR" connector. Mount transducer in
fixture and connect transducer to cable microdot connector.

5. Pulse-Echo transit time measurement:

Assure that the transducer moves freely in the holding fixture.
Clean and wipe transducer face and curved surface of fixture. apply
a bead of couplant to transducer face and curved surface of fixture,
Figure 2. If the helium pressure vessel to be tested is an APCO
bottle (bonded metal identification plates), position the transducer
fixture forward of the holding strap, with the curved surface groove
on the transducer fixture facing forward, away from the holding
strap, Slide the fixture so that it butts up against the holding
strap, Figure 3, and adjust for maximum amplitude pulses on the
display screen. A periodic series of pulses should appear on the
display screen as in Figure 4, which shows an earlier model of the
NDT-150. If the vessel to be tested is a Boeing bottle (painted
identification) the fixture may be located just aft of the holding

* strap.

EA 87-7-1-12 Appndx -2-
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*3.0 Test Procedure (Continued)

S. Pulse-Echo transit time measurement: (Continued)

Adjust the pulser-receiver gain by rotating the control knob to
obtain a first Peak signal amplitude of approximately 75% screen
height. Assure that the first peak is viewed on the screen by
depressing IDLY on the sweep module and slowly rotating the control
knob to shift the series of pulses left and right on the screen
display. Depress the gate module PS and rotate the control knob
to position the vertical spike of the top trace directly over the peak
of the first pulse of the lower trace. Note the indication on the
gate module digital display and record this number on the data sheet
"Pulse-Echo Time" entry.

Remove the fixture from the test vessel and clean couplant frcm the
test vessel. Slide the transducer out of the test fixture, apply
couplant to the transducer face and position the transducer on the
marked surface of the reference standard, adjusting pulser-receiver
gain and sweep position to view the first pulse of the pulse train
on-screen. Rotate the gate control knob to position the vertical
spike directly over the peak of the first pulse. Note the indication
on the gate module digital display and record this number on the data
sheet "standard" entry. Note temperature and record on the data
sheet "temperature" entry.

S6. Pressure Calculation.

Enter the measured standard time under the "Reference Standard"
reading. Enter the difference in the "Standard Correction" entry.
If the measured standard time is larger than the reference standard
time, subtract the standard correction from the measured vessel pulse-
echo time and enter the result in the "corrected pulse-echo time"
entry. If the measured standard time is smaller than the reference
standard time, add the standard correction to the measured vessel
pulse-echo time and enter the result in the "Corrected Pulse-Echo
Time" entry.

Select the appropriate graph(APCO or Boeing) and mark the "Corrected
Pulse-Echo Time" on the vertical time scale of the chart. With a
straight-edged ruler, extend this line horizontally until it
intersects the appropriate temperature line from the "Temperature"
entry. From this intersecting point, draw a line vertically down to
obtain the pressure reading. Record this reading in the "vessel
pressure" entry.

If the point of intersection of the time-temperature lines is to the
right of the line A-A, the vessel pressure is acceptable.

EA 87-7-1-12 Appndx -3-
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DATA SHEET

MFG S/N _

DATE

PULSE-ECHO TIME /X.S. (•)

STANDARD J'S.

TEMPERATURE OF

REFERENCE STANDARD 95.55J)4S.

MEASURED STANDARD ( _)

MEASURED PULSE-ECHO TIME 0_ _

STANDARD CORRECTION G_

CORRECTED PULSE-ECHO TIME _C)

BOTTLE PRESSURE _

EA 87-7-1-12 Appndx -4-
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DATA SHEET

MFG APCO S/N - - -

DATE - - -

PULSE-ECHO TIME 105.3 J.ZtS.

STANDARD 95.65 - S.

TEMPERATURE 73 OF

REFERENCE STANDARD 95.55,4S.

MEASURED STANDARD 0 95.65

MEASURED PULSE-ECHO TIME 105.3 Q

STANDARD CORRECTION -. 10

CORRECTED PULSE-ECHO TIME 105.20

BOTTLE PRESSURE 5050 psi

EXAMPLE

EA 87-7-1-12 Appndx -5-
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Equation Development

* The task of developing an empirical equation to determine the
pressure of helium at any given temperature knowing the ul-
trasonic longitudinal sound wave pulse echo time of flight
was accomplished in the following manner.

A linear regression analysis was preformed on the experimen-
tal data values. This analysis was preformed by examining the
relationship between the dependent variable (y, time of
flight) and the independent variable (x , bottle pressure)
for each isothermal line. A straight line approximation was
consider appropriate for this data because a least-squares
linear regression analysis for each experimental isothermal
data line correlation coefficient was found to be vary close
to 1. See table 1 for results of the statistical analysis . A
linear regression was preformed from a model of y= mx +b or
Time Of Flight (TOF)= m Pressure(P) + b which is the equa-
tion for describing a straight line where m is the slope of
the line and b is the y intercept.
Now that an equation was ascertained for each isothermal line
the equation had to be modified to predict the time of flight
from any temperature. A second linear regression was pre-
formed on the slopes of each isothermal line. Again the cor-
relation coefficient was close to one so a straight line
equation was also appropriate.
The final equation now is of the form TOF=(m x
temperature(T)+intercept) x P +intercept. A time of flight
standard was used in the experiment to compensate for any
electronic drift in the gate from the normalized 51.55 micro
seconds and inserted into the equation . By inserting val-
ues into the equation and solving for pressure (since in the
field the pressure is the unknown) the final equations for
the Boeing and A.P.C.O. pressure bottles are obtained and
shown below.

Apco. Bottle

P = (TOF + (51.55 - STD.TOF) + (T x .115) - 126.834) /
(((9.887 x 14e-6)x T ) - 3.34x1AJ-3)

Boeing Bottle

P = (TOF + (51.55 -STD.TOF) + (T x 9.74 x 10-2) - 117.90) /
(((6.5*--&) x T )-2.92 14--)

A 1-3
Note.
TOF=Pulse Echo Time of Flight in Microseconds
Pressure = Pounds per square inch gage
Temperature = Degrees Fahrenheit
STD = Standard Pulse Echo Time of Flight in Microseconds

Using the equations developed here the average deviation from
actual data was only 37 psig and 45 psig for Apco and Boeing
respectively. Now a programmable calculator can be used in
the field to determine the pressure at any given temperature

* instead of using the less precise graphs.
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Manufacture Temperature (Deg.F) Correlation

Apco 40 .993
Apco 70 .996
Apco 100 .995

Apco slopes .993
Boeing 40 .998
Boeing 70 .998
Boeing 700 .997

Boeing slopes .998

TABLE I
STATISTICAL ANALYSIS OF STRAIGHT LINE LEAST SQUARES FIT FOR

EXPERIMENTAL ISOTHERMAL DATA
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APPENDIX E

TEST DATA
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SUMMARY OF DATA FROM APCO BOTTLE
(S/N 5016) TESTS

(2 Transducers)

Measured Time to First

Date Pressure psig Peak Micro Sec

3-11-87 4648 54.55

4383 54.95

4092 55.40

3801 55.80

3523 56.20

3219 56.60

2891 57.15

2609 57.50

2303 58.00

1989 58.40

1687 59.00

1387 59.50

3-12-87 4493 54.55

4016 55.30

3487 56.00

3020 56.70

2501 57.50

1983 58.40

1485 59.20

T hflP 7d'F
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SUMMARY OF DATA FROM APCO BOTTLE
(S/N 5016) TESTS

(2 Transducers)

Measured Time to First
Date Pressure psig Peak Micro Sec

3-16-87 4603 54.50
(a.m.)

4110 55.20

3598 56.00

3099 56.65

2519 57.50

2080 58.15

1588 59.10

1089 .59.90

800 60.70

3-16-87 4558 54.70
(p.m.)

3999 55.40

3418 56.15

2790 57.20

21.87 58.00

1303 59.50

T %0,=
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is SUMMARY OF DATA FROM APCO BOTTLE
(S/N 5016) TESTS

(2 Transducers)

Measured Time to First
Date Pressure psig Peak Micro Sec

3-17-87 4284 54.85
I

3794 55.60

3300 56.35

2800 57.05

2305 57.85

1808 58.70

1304 59.60

795 60.50

394 61.15

4-6-87 4293 54.70
(a.m.)

4003 55.15

3718 ---

3406 55.95

3106 56.40

2804 56.90

2507 57.35

2211 57.85

1918 58.25

1597 58.70

1309 59.20

1008 60.15

-remP ~-7dr
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SUMMARY OF DATA FROM APCO BOTTLE
(S/N 5016) TESTS

(2 Transducers)

Measured Time to First
Date Pressure psig Peak Micro Sec
4-6-87 4325 54.60
(P.M.)

3821 55.40

3305 56.10

2803 56.85

2302 57.65

1788 58.50

1302 59.35

992 60.00

*
~ ~ ~7 ... .. .0=m l m m M n l
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DATA SHEET

ULTRASONIC MEASUREMENT OF PRESSURE IN *APCO
HELIUM BOTTLE 821100-103, S/N 5016

Weight (Lb)
Pressure (

Run No. Date Gross Tare Helium Gauge (psi9g

2 3-11-87 11.503 11.446 .057 4691

11.498 11.446 .052 4087

11.492 .046 J523

11.486 .040 2898

11.476 .030 2303

11.468 .022 1689

C. Brooks 3/11/87

*2 Transducers
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DATA SHEET

ULTRASONIC MEASUREMENT OF PRESSURE IN *APCO
HELIUM BOTTLE 821100-103, SIN 5016

Weight (Lb) Pressure

Run No. Date Gross Tare Helium Gauge (pslg1

5 3-16-87p.m. 11.248 11.192 .056 4558

11.243 .051 3999

11.236 .044 3418

11.231 .039 2790

11.223 .031 2187

11.209 .017 1303

C. Brooks 3/1t687

*2 Transducers
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DATA SHEET

ULTRASONIC MEASUREMENT OF PRESSURE IN *ApDCO
HELIUM BOTTLE 821100-103, SIN 5016

Weight (Lb)
Pressure

Run No. Date Gross Tare Helium Gauge (psig)
J

8(a.m.) 4-6-87 11.259 11.206 .053 4299

11.256 .050 3990

11.256 -- 3708

11.249 .043 3406

11.246 .040 3099

11.243 .037 2797

11.239 .033 2496

11.236 .030 2187

11.232 .026 1894

11.228 .022 1597

11.225 .019 1301

11.220 .014 998

C. Brooks 4/6/87

*2 Transducers
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* DATA SHEET

ULTRASONIC MEASUREMENT OF PRESSURE IN *APCO
HELIUM BOTTLE 821100-103, S/N 5016

Weight (Lb)
Pressure

Run No. Date Gross Tare Helium Gauge (psig9

7(p.m.) 4-6-87 11.259 11.206 .053 4325

11.251 .045 3821

11.245 .039 3305

11.242 .036 2816

11.236 .030 2302

11.230 .024 1788

11.223 .017 1302

11.219 11.206 .013 989

Cal Wts Cal Wts

11.222 11.211

S.003 .005

-T'•W p. :7o°•

C. Brooks 4/6/87

*2 Transducers

Less than 10 PPM Impurities
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* DATA SHEET

BOEING HELIUM BOTTLE(S/N 3841); INITIAL RUN

(2 Transducers) 8-3-87

Measured Bottle Time to First
Condition Pressure psig Temp. °F Peak Micro Sec.

Full NIA 72.2 50.50

Pressure 4620 72.9 50.95
Decrements

3979 71.6 51.75

3466 70.9 52.40

3030 7o,• 52.95

2639 69.8 53.50

TEMP= -76oF
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* DATA SHEET

ULTRASONIC MEASUREMENT OF PRESSURE IN *BOEING
HELIUM BOTTLE 25A45740-101-11, S/N 3841

Weight (Lb)_____ Pressure Temp Micro
Run No. Date Gross Tare Helium Gauge (psig) OF Sec.

1 8-5-87 10.707 10.643 .064 4887 79.2 50.45

010.707 10.642 .065

Repeat 4869 77.7 50.55

2 10.701 .058 4515 76.7 51.00

®10.697 .055

3 10.697 .054 4150 75.3 51.45

0 10.694 .052.4 10.693 .-OS0 3750 74.4 51.95

0 10.691 .049

5 10.688 .045 3403 74.0 52.45

0 10.685 .043

6 10.684 .041 3005 73.2 52.90

010.681 .039

7 10.643 4.1 63.3

010.642

* 2 Transducers

0 Checked with Calibrated Weights
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APCO RUN 2 Final Press = 15 psi S/N 5016

GAGE THRU PULSE
BOTTLE AMBIENT PRESS CAL TRANSMISSION ECHO

DATE TIME TB F TA0 F (PSI) STDALSEC TTU.ASEC PE..A. ,SEC

1-19-88 09:45 71.8 71.8 5097 51.55 53.70 105.3

12:40 37.9 37.9 4777 51.60 55.30 108.5

1-20-88 06:52 lb0.9 101.1 5318 51.55 52.45 102.8

07:07 100.4 101.2 4988 51.55 52.80 103.6
09:36 72.4 72.1 4746 51.55 54.05 106.0

12:06 38.4 3 7 4454 51.55 55.65 109.3
4 .4 5 051.551.

14:2t 65.1 4318 1.

1-21-88 07:02 100.4 100.7 4586 51.55 53.25 104.5

07.14 99.7 100.6 4243 51.55 53.70 105.3
09:53 72.4 72.4 4043 51.60 54.95 107.9
12:05 38.9 38.5 3795 51.60 56.65 111.2
12:17 38.2 38.6 3490 51.60 57.10 112.1

14:18 64.6 65.2 3671 51.60 55.75 109.5

1-22-88 08:01 100.9 101.1 3908 51.55 54.10 106.2

08:10 100.0 101.1 3598 51.55 54.55 107.0
09:58 71.8 72.4 3423 51.60 55.85 109.6

Readjust X-ducers 55.85 109.7
12:03 37.8 391 31 71.60 57.60 113.1

12:15 36.6 37.6 2874 51.60 58.15 114.2

13:50 72.1 72.8 3073 51.65 56.30 110.5

13:59 70.9 73.0 2500 51.65 57.15 112.3
14:02 69.6 73.0 1984 57.95 113.9

67.6 73.0 964 59.70 117.4
1 67.4 73.1 460 60.60 119.2

- T- kA A. b 0 Z
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APCO RUN 2 Corrected +8.5 psi/°F

BOT;LE PRESS. CAL -. 089 s/°F CORRECTED
TB F P(PSI) STDAu.' P.E. PRESS Pc(PSI) PBC STDC

71.8 5097 51.55 105.3 5082 105.46 105.46

32.9 4777 51.60 108.5 4795 108.30 108.30

00.9 5318 .55 102.8 5310 102.88 102.88

00.4 4988 .55 103.6 4984 103.65 103.65

72.4 4746 .55 106.0 4726 106.2 106.20

38.4 4454 .55 109.3 4468 109.12 109.12

37.8 4105 .55 110.3 4124 110.1 110.10

64.5 4318 .60 107.6 4365 107.11 107.05

00.4 4586 .55 104.5 4582 104.54 104.54

99.7 4243 .55 105.3 4245 105.3 105.30

72.4 4043 .60 107.9 4023 108.11 108.05

38.9 3795 .60 111.2 3804 111.10 111.05

38.2 3490 .60 112.1 3505 111.94 111.89

64.6 3671 .60 109.5 3717 109.02 108.97

00.9 3908 .55 106.2 3900 106.28 106.28

00.0 3598 .55 107.0 3598 107.00 107.01

71.8 3423 +'.60 109.6 3408 109.76 109.71

0IM (L.F. TZAW5t UC-E P-
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RUN 3, APCO BOTTLE Final Press = 11.5 psi S/N 5016

AMa I2BTTLe- GAGE THRU PULSE
TJ-0? TeMp PRESS CAL TRANSMISSION ECHO

.ATE TIME TA° F TB F (PSI) STD SEC TTUULSEC PE4 SEC

2 8 8:19W 70.2 7T.1 5055 51.5553.70 105.3W
103.2

09:50 40.1 40.3 4773 51.55 55.10 108.2
103.2

12:49 101.3 101.8 5328 -=. 52.35 102.6
103.3

13:01 101.8 101.0 5041 51.55 52.65 103.3
103.3

14:21 68.7 69.1 4765 5-F.60 54.10 106.2
103.3

2-3-88 07:50 41.3 41.3 4510 51.60 55.45 108.7
103.3

08:01 41.3 40.7 4193 T-TT 55.90 109.7
51.60

09:33 62.5 62.0 4367 .55 54.80 107.5
103.2

12:29 100.7 100.5 4672 516 53.25 104.4
103.4

12:41 100.6 99.9 4347 516 53.60 105.1
103.4

14:42 71.0 71.0 4129 -nT 54.85 107.6
O 103.4

2-4-88 07:36 41.5 41.5 3900 51.60 56.30 = .5
103.3

07:47 41.7 40.9 3601 .Tn 56.70 111.4
103.3

08:56 62.7 61.9 3749 57. 55.70 109.3
103.4

10:43 100.6 10.2 4012 -57n 53.95 105.7
103.3

10:54 100.9 100.0 3679 T 54.35 106.6
103.3

12:37 71.7 71.8 3508 =.-0 55.60 109.1
103.4

2-5-88 07:39 51.5 41.4 3309 51.65 57.15 112.1
103.3

07:51 41.5 40.9 3009 -STn 57.60 113.2
103.3

09:11 69.4 69.5 3176 51.5 56.15 110.2
103.3

10:34 100.4 100.1 3351 - =. 54.65 107.2
103.2

10:45 100.5 99.6 3007 -=. 55.10 108.2
103.2

12:03 69.4 69.5 2854 =. 56.65 111.2
103.3

12:08 68.2 2497 57.25 112.3
12:13 67.1 1970 58.00 114.0
12:17 66.0 1432 58.90 115.7
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""B PSI TT .uSec- PEu.;v

64.1 815 60.05 118.1

64.8 455 60.65 119.2

64.8 297 61.00

Stops at 11.5 psi

'SiW' S - Aý -EZ
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APCO RUN 3 Corrected S/N 5016

BOTTLE GAGE PULSE CORRECTED
TEMP PRESS. ECHO CAL PRESS
TB°F P(PSI) _.LLSEC STDJL:S.c- Pc(PSI) PBCIL'$e-c.

101.8 5328 102.6 51.55 5314 102.77
5

101.0 5041 103.3 51.55 5033 103.40

100.5 4672 104.4 51.65 4668 104.35

99.9 4347 105.1 51.65 4347 105.00

100.2 4012 105.7 51.60 4011 105.60

100.0 3679 106.6 51.60 3679 106.50

70.1 5055 105.3 51.55 5055 105.30

69.1 4765 106.2 51.60 4772 106.07

62.0 4367 107.5 51.55 4431 106.76

71.0 4129 107.6 51.60 4121 107.64

61.9 3749 109.3 51.60 3814 108.50

71.8 3508 109.1 51.60 3494 109.22

40.3 4773 08.2 51.55 4771 108.20

41.3 4510 108.7 51.60 4500 108.77

40.7 4193 109.7 51.60 4188 109.71

41.5 3900 110.5 51.60 3888 110.59

40.9 3601 111.4 51.60 3594 111.40

41.4 3309 112.1 51.65 3298 112.13

0 ~~~
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BOEING BOTTLE RUN 2 Final Press = S/N 3841

AMBIENT BOTTLE GAGE THRU PULSE
TEMP TEMP PRESS TRANSMSN ECHO
TA°F TB F PB(PSI) TIME CAL SEC TTUASEC AL2E, C DATE

71.1 71.3 5027 7:09 51.60 50.65 98.75 01-05-88

39.6 39.7 4734 9:09 51.55 51.90 101.2 01-05-88
100.4 100.2 5284 11:33 51.50 49.40 96.15 01-05-88

100.5 99.8 5014 11:46 51.50 49.65 96.70 01-05-88

69.7 69.8 4755 13:34 57.55 50.90 99.25 01-05-88

38.4 38.6 4483 15:03 51.50 52.30 102.0 01-05-88

38.4 38.2 4212 15:17 51.50 52.60 102.80 01-05-88

68.9 68.7 4461 07:10 51.50 51.20 99.6,5 01-06-88
101.0 100.0 4722 09:11 51.50 49.90 97.30 01-06-88

101.1 100.5 4405 09:30 51.50 50.25 97.90 01-06-88

68.9 68.9 4165 12:02 51.55 51.65 100.7 01-06-88

37.7 38.0 3929 14:02 51.50 53.00 103.-fO 01-06-88

37.6 37.5 3636 14:13 51.50 53.40 104.20 01-06-88

71.8 71.6 3878 07:30 51.55 51.90 101.3- m1-0W-98

101.0 100.7 4082 09:27 51.60 50.70 98.80 01-07-88
101.0 100.2 3793 09:39 51.60 51.00 99.45 01-07-88

71.8 71.7 3607 13:09 51.60 52.25 101.90 01-07-88
38.1 38.4 3388 14:42 51.55 53.80 105.00 01-07-88

38.1 37.8 3102 14:52 51.55 54.20 105.80 01-07-88

80.1 80.0 3356 07:48 51.55 i52.25 i 101.90 01_-08-88

109.0 107.0 3479 10:59 51.60 51.40 100.20 01-08-88

100.8 100.1 3209 11:09 51.60 51.70 1 100.90 101-08-88
72.5 72.7 3059 01:28 51.55 52.90 103.20 !01-08-88

38.5 38.8 2871 02:54 51.55 ¶ 54.45 106.40 01-08-88

38.2 37.8 2531 03:03 51.55 55.05 107.50 j01-08-88

"" T0-A &4 S b Q 4:---Z
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BOEING BOTTLE S/N 3841 RUN V1 Final Press =

AMBIENT BOTTLE GAGE PULSE THRU
TEMP TEMP PRES. ECHO TRANSM. 4- -•T.
TA°F TB°F P (PSi) P/EAS TTUO TIME CAULOCK DATE

69.0 68.9 039 98.80 50. 70 3T:2T 51.60 12/14/87

100.3 99.8 5318 96.30 49.45 15:25 51.55 12/14/87

36.5 37.0 4737 101.60 52.15 07:10 51.65 12/15/87

37.0 36.4 4442 102.40 52.50 07:20 51.65 12/15/87

62.3 63.4 4677 99.95 51.25 09:23 51.35 12/15/87

100.7 100.1 4992 96.90 49.75 11:02 51.55 12/15/87

100.5 100.2 4696 97.50 50.05 11:37 51.55 12/15/87

71.0 71.0 4461 99.90 51.25 13:30 51.55 12/15/87

39.6 39.6 4206 102.80 52.65 15:10 51.55 12/15/87

38.3 38.9 3884 103.60 53.10 15:25 51.60 12/15/87

72.7 72.6 4137 100.60 51.55 07:27 51.55 12/16/87

99.5 99.5 4335 98.40 50.45 08:5y~ 51.60 12/16/87

100.6 99.2 4008 99.10 50.80 09:10 51.60 12/17/87

73.7 72.1 3823 101.40 • 10:21 - 12/17/87

70.9 71.3 3817 101.40 51.95 11:34 51.65 12/17/87

39.1 39.4 3594 104.40 53.45 14:40 51.60 12/17/87

38.2 38.5 330%7 105.20 53.90 14:51 51.55 12/17/87

73.4 73.3 3534 102.00 52.30 07:00 51.55 12/18/87

100.6 100.0 3703 99.75 51.15 09:26 51.55 12/18/87

100.7 99.7 3390 100.50 51.55 09:41 51.55 12/18/87

72.7 73.1 3235 102.80 52.65 13:23 51.55 12/18/88

39.6 39.5 3040 106.90 54.25 14:57 51.55 12/18/87

-9.0 39.0 3810 106.60 54.5-5 15:09 51.55 12/18/87
SHUT OFF

70.8 70.6 2180 103.70 53.10 09:41 51.55 12/21/87

99.3 99.2 3134 101.20 51.85 11:30 51.55 12/21/87
99.0 98.4 2821 101.90 52.25 11:43 51.55 12/21/87

72.4 72.2 2695 104.20 53.40 13:30 51.55 12/21/87

L4 4IL-.LF T?-A w s t L ce
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O DATA SHEET

ULTRASONIC MEASUREMENT OF PRESSURE IN *BOEING
HELIUM BOTTLE 25A45740-101-11, S/N 3841

Weight (Lb)
Pressure Temp Micro

Run No. Date Gross Tare Helium Gauge (psig) 0F Sec.

1 8-7-87 10.702 10.641 .061 5034 72.3 50.60
010.702 10.640 .062

2 10.678 10.641 .057 4708 72.4 51.00
010.700 10.640 .060

3 10.694 10.641 .053 4412.8 72.4 51.35
010.696 10.640 .056

4 10.691 10.641 .050 4112 72.3 51.70
010.692 10.640 .052

5 10.690 10.641 .049 3853 72.6 52.00
010.691 10.640 .051

6 10.685 10.641 .044 3437 72.3 52.45
010. 685 10.640 .045

7 10.681 10.641 .038 3146 73.3 52.80
010.681 10.640 .038

8 10.679 10.641 .033 2836 73.6 53.20
010.678 10.640 .038

9 10.674 10.641 .033 2512 73.6 53.60
010.673 10.640 .033

10 10.670 10.641 .029 2234 73.9 53.95
010.669 10.640 .029

11 10.641 10.641 0 2.9 70.7 --

010.640 10.640 0

*2 Transducers

OChecked with Calibrated Weights
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APCO RUN 2 Final Press = 19 psi * S/N 5128

GAGE 1 THRU PULSE
BOT;LE AMBIENT PRESS CAL TRANSMISSION ECHO

DATE TIME TB F TA F (PSI) STDA.SEC TTUAASEC PEAASEC
2-22-88 07:28- 70.7 708 51 47 51.55 53.50 105.2-

08:46 41.4 40.6 5856 51.60 54.95 108.0

10:28 98.2 97.6 5390 51.60 52.40 102.9

10:37 98.3 97.2 5063 51.55 52.80 103.6

12:24 69.9 70.1 4824 51.60 54.05 106.1

14:01 40.8 40.6 4561 51.60 55.45 108.9

14:07 39.3 39.2 4243 51.60 55.90 109.8

2-23-88 07:32 67.6 67.7 4478 51.60 54.55 107.0

08:59 99.0 98.0 4727 51.65 53.25 104-,5

09:07 98.5 97.3 4442 51.65 53.60 105.2

10:45 69.8 70.4 4238 51.65 54.75 107.6

12:04 41.1 40.1 4001 51.65 56.25 110.6

12:10 39.1 38-9 3710 51.65 56.70 111.5

13:25 69.9 69.2 3931 51.65 55.20 108.5

14:41 100.2 99.8 4148 51.65 53.80 105.7

14:47 100.3 99.0 3813 51.65 54.25 106.6

2-24-88 07:22 67.7 67.3 3605 51.65 55.70 109.5

08:32 36.4 38.5 3415 51.65 57.20 112.4

08:39 36.6 37.0 3083 51.65 57.75 113.5

10:01 70.7 69.3 3278 51.65 56.10 110.2

12:14 100.6 100.5 3465 51.70 54.70 107.4

12:20 99.7 99.3 3153 51.70 55.15 108.3

13:16 66.5 67.6 2982 51.65 56.60 111.3

14:28 41.8 40.1 2831 51.65 58.00 1 114.1

. *FROM ABORTED
MISSILE FLIGHT

ON 10/28/87

-22-
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APCO RUN 1 Final Press = 20 psi *S/N 5128

GAGE THRU PULSE
AIR 0 F BTLE°0 F PRESS CAL TRANSMISSION ECHO

DATE TIME TA°F TB F (PSI) STD0-SEC TTUASEC PE.L- SEC
2-15-88- 08:37- 71T.0 6 -75. 8 510 .1.0- 5 3.6510.

09:59 38.0 39.0 4806 51.55 55.05 108.2

12:12 100.9 100.1 5374 51.55 52.30 102.6

12:19 100.8 99.0 5076 51.55 52.60 103.3

13:21 70.5 72.0 4838 51.55 53.90 105.8

14:36 36.9 37.2 4531 51.55 55.55 109.0

14:42 36.1 36.3 4225 51.55 55.95 109.9

2-16-88 07:48 73.5 73.4 4528 51.60 54.25 106.6

08:59 100.8 99.4 4742 51.60 53.10 104.2

09:07 100.8 98.7 4376 51.60 53.60 105.1

10:45 70.5 71.8 4173 51.60 54.70 107.5

12:55 44.5 40.1 3935 51.65 56.30 110.6

S13:07 47.1 42.8 3660 51.65 56.60 111.2

2-17-88 07:30 67.1 67.1 3828 51.65 55.40 108.8

09:00 101.7 100.9 4064 51.65 53.85 105.7

09:08 101.7 99.6 3703 51.65 54.30 106.7

10:35 72.4 74.0 3542 51.65 55.50 109.1

11:45 38.6 38.1 3312 51.65 57.30 11J.6
11:ýj 3&.4- 1-75 j.1 ~.;- t13:4 68.4 67.6 31. 56.5 110.6

14:54 100.2 99.0 3360 51.65 54.80 107.7

15:03 100.0 98.2 3001 51.65 55.30 108.7

2-18-88 07:24 67.5 67.6 2842 51.65 56.75 111.6

09:03 38.6 38.0 2688 51.65 58.30 114.6

*FROM ABORTED
MISSILE FLIGHT
ON 10/28/87

-23-
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DATA SHEET

ULTRASONIC MEASUREMENT OF PRESSURE IN *BOEING
HELIUM BOTTLE 25A45740-101-11, S/N 3841

Weight (Lb)
Pressure Temp Micro

Run No. Date Gross Tare Helium Gauge (psig) OF Sec.

1 8-6-87 10.706 10.637 .069 5386 77.8 50.05
910.707 .068

2 10.705 .068 5252 77.3 50.20
910.706 .067

3 10.702 .065 5050 76.8 50.40
e10.704 .065

4 10.698 .061 4731 76.2 50.80
910.700 .061

5 10.695 .058 4487 75.9 51.05
010.697 .058

6 10.691 .054 4134 75.1 51.50
910.693 .054

7 10.687 .050 3849 75.0 51.80
.10.691 .052

8 10.687 .050 3442 74.5 52.30
010.691 .048

9 10.681 .044 3034 74.0 52.85
010.687 .043

10 10.674 .037 2736 73.9 53.35
@10.676 .037

11 10.673 .036 2443 73.8 53.65
12 10.667 .030 2098 73.4 54.15

@10.668 .029
10.637 0 4.3 71.3

e10.639

*2 Trandsucers

eChecked with Calibrated Weights



-B.Pressure B.Temp STD. .- PE. Calc. P Deviation AVG.DEV.

4225.00 36.30 51.55 109.90 4278.20 53.20 37.33

2874.00 36.60 51.60 114.20 2843.79 30.21 Y
3083.00 37.00 51.65 113.50 3084.25 1.25
4531.00 37.20 51.55 109.00 4558.95 27.95 Page E-25

* 2999.00 37.50 51.65 113.60 3036.32 37.32

4105.00 37.80 51.55 110.30 4106.51 1.51

3214.00 37.80 51.60 113.10 3179.41 34.59

4777.00 37.90 51.60 108.50 4727.88 49.12
3312.00 38.10 51.65 112.60 3356.54 44.54
3490.00 38.20 51.60 112.10 3505.68 15.68
4454.00 38.40 51.55 109.30 4429.20 24.80
3415.00 38.50 51.65 112.40 3413.04 1.96
3795.00 38.90 51.60 111.20 3791.15 3.85
3710.00 38.90 51.65 111.50 3706.56 3.44
4806.00 39.00 51.55 108.20 4787.03 18.97
4243.00 39.20 51.60 109.80 4257.44 14.44
2831.00 40.10 51.65 114.10 2791.25 39.75
4001.00 40.10 51.65 110.60 3980.31 20.69
3935.00 40.10 51.65 110.60 3980.31 45.31
4773.00 40.30 51.55 108.20 4757.06 15.94
4856.00 40.60 51.60 108.00 4835.18 20.82
4561.00 40.60 51.60 108.90 4528.90 32.10
4193.00 40.70 51.60 109.70 4254.18 61.18
3009.00 40.90 51.60 113.20 3056.94 47.94
3601.00 40.90 51.60 111.40 3670.10 69.10
4510.00 41.30 51.60 108.70 4580.32 70.32
3309.00 41.40 51.65 112.10 3434.85 125.85 -
3900.00 41.50 51.60 110.50 3961.15 61.15
3660.00 42.80 51.65 111.20 3704.43 44.43
3749.00 61.90 51.60 109.30 3832.74 83.74. 4367.00 62.00 51.55 107.50 4471.64 104.64
4318.00 64.50 51.60 107.60 4387.50 69.50
3671.00 64.60 51.60 109.40 3718.49 47.49
1432.00 66.00 51.60 115.70 1333.41 98.59
1970.00 67.10 51.60 114.00 1926.64 43.36
3828.00 67.10 51.65 108.80 3888.12 60.12
3605.00 67.30 51.65 109.50 3620.66 15.66
2982.00 67.60 51.65 111.30 2938.00 44.00
4478.00 67.70 51.60 107.00 4526.16 48.16
2497.00 68.20 51.60 112.30 2524.72 27.72
4765.00 69.10 51.60 106.20 4790.18 25.18
3931.00 69.20 51.65 108.50 3940.42 9.42
3278.00 69.30 51.65 110.20 3297.20 19.20
3176.00 69.50 51.55 110.20 3253.28 77.28
2854.00 69.50 51.60 111.21 2891.03 37.03
4824.00 70.10 51.60 106.10 4802.34 21.66
5055.00 70.10 51.55 105.30 5085.70 30.70
4238.00 70.40 51.65 107.60 4246.24 8.24
5108.00 70.80 51.60 105.30 5087.43 20.57
5147.00 70.80 51.55 105.20 5106.37 40.63
4129.00 71.00 51.60 107.60 4210.64 81.64
3508.00 71.80 51.60 109.10 3617.95 109.95
4173.00 71.80 51.60 107.50 4226.30 53.30
3423.00 71.80 51.60 109.60 3427.84 4.84
5097.00 71.80 51.55 105.30 5043.76 53.24
4838.00 72.00 51.55 105.80 4848.54 10.54

c C~A, L. d ),-7V45 X4 14
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4528.00 73.40 51.60 106.60 4525.66 2.34
3542.00 74.00 51.65 109.10 3570.16 28.16S5063.00 97.20 51.55 103.60 5061.26 1.74
4442.00 97.30 51.65 105.00 4511.83 69.83
5390.00 97.60 51.60 102.90 5366.09 23.91
4727.00 98.00 51.65 104.50 4701.89 25.11
4376.00 98.70 51.60 105.10 4406.61 30.61
3813.00 99.00 51.65 106.60 3783.40 29.60
5076.00 99.00 51.55 103.30 5138.68 62.68
3153.00 99.30 51.70 108.30 3073.82 79.18
4742.00 99.40 51.60 104.20 4767.16 25.16
3703.00 99.60 51.65 106.70 3721.14 18.14
3007.00 99.60 51.55 108.20 3041.79 34.79
4243.00 99.70 51.55 105.30 4270.01 27.01
4148.00 99.80 51.65 105.70 4139.42 8.58
4347.00 99.90 51.65 105.10 4391.34 44.34
3598.00 100.00 51.55 107.00 3537.68 60.32
3679.00 100.00 51.60 106.60 3729.07 50.07
5374.00 100.10 51.55 102.60 5406.40 32.40
4012.00 100.20 51.60 105.70 4105.50 93.50
4988.00 100.40 51.55 103.60 4972.49 15.51
4586.00 100.40 51.55 104.50 4589.07 3.07
3465.00 100.50 51.70 107.40 3414.05 50.95
4672.00 100.50 51.65 104.40 4671.34 0.66
3908.00 100.90 51.55 106.20 3848.41 59.59
5318.00 100.90 51.55 102.80 5299.94 18.06
5041.00 101.00 51.55 103.30 5083.71 42.71
3351.00 101.10 51.55 107.20 3414.54 63.54S5328.00 101.80 51.55 102.60 5361.44 33.44
4064.00 101.90 51.65 105.70 4072.59 8.59
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40.00 51.55 111.00 3813.07
40.00 51.55 106.50 5341.34
45.00 51.55 111.00 3679.29
45.00 51.55 106.5o 5233.66
50.00 51.55 111.00 3540.67
50.00 51.55 106.00 5297.95
55.00 51.55 111.00 3397.55
60.00 51.55 101.00 5245.70
65.00 51.55 111.00 32495.07
60.00 51.55 105.50 5251.43
65.00 51.55 111.00 3095.15
65.o0 51.55 105.50 5134.21
70.00 51.55 111.00 2935.48
70.00 51.55 105.00 5201.44
75.00 51.55 110.00 3154.58
75.00 51.55 104.50 5714.23
80.00 51.55 110.500 2389.87
80.00 51.55 104.50 5147.56
85.00 51.55 109.50 3018.66
85.O0 51.55 104.00 5219.06
90.00 51.55 109.00 3046.65
90.00 51.55 103.50i) 5293.543
95. 00 51.55 108.0) 3079.86
95.00 51.55 103.50 5162.59

100.00 51.55 106.00 3112.36
100.00 51.55 103.00 5238.90
105.00 51.55 107.50 3146.29
105.00 51.55 103.50 5101.27. 110.00 51.55 107.0)0 3161.70
110.00 51.55 102.50 5179.58
30.00 51.55 111.00 4067.59
30.00 51.55 107.00 5381.92
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30]. 00 51.55 106.00 3294. 68
30.00 51.55 101.00 5129.54
35.00 51.55 106.00 3153.57
35.00 51.55 101. 00 5010.58
40.00 51.55 105.00 3384.96 so I
40.00 51.55 98. 00 6016.54
45.00 51.55 105.00 3241.48
45.00 51.55 99.C00 5525.C02
50.00 51.55 105.00 3094.41 7
50. 00 51.55 99.330 5290.94
55.00 51.55 105.00 2943.61
55.00 51.55 99.00 5285.07
60.00 51.55 104.00 3184. 19
60.00 51.55 98.50 5358.10
65.00 51.55 104.00 3030.63
65.00 51.55 98.00 5433.03
70. 00 51.55 104. 0)0 2873.02
70.00 51.55 98.00 5307. 10
75.00 51.55 103.0C) 3122.30
75.00 51.55 98.00 5177.80
80.00 51.55 103.00 2961.67
80.00 51.55 97.50 5253.33
85.00 51.55 102.00 3219.01
85.00 51.55 97.00 5330.94
90.00 51.55 102.00 3055.25
90.00 51.55 97.00 5196.57
95.00 51.55 102.00 2886.86
95.00 51.55 96.00 5492.73S100.00 51.55 101 .00 3154. 19

100.00 51.55 96.00 5356.83
105.00 51.55 101.00 2982.35
105.00 51.55 96. 00 5216.98
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( t4 s'erT ti•k Attachment to

2-6055-0087-091

ULTRASONIC HELIUM BOTTLE
PRESSURE MEASUREMENT CHECKLIST

1. Verify compliance with prerequisites per SOP 321D Addendum I,
dated 8 Sept. 1987.

2. Locate test equipment required for test adjacent to GTM aft end and apply
line power to test equipment for warmup.

3. Record SRAM Ground Test Missile (GTM) and Flight Control Actuator Assembly

(FCAA) Part Numbers and Serial Numbers to be used for test:

GTM P/N 25) 43160-1-9I-1/ S/N /2

FCAA P/N ___A____ _/''15-1_ S/N 457

4. Verify Control Section fairing removal accomplished.

5. Remove clamp from Helium Storage Bottle if required (Reference T.O.
21M-AGM69A-4-1 Figure 18 - Index 34 and 39, respectively)A

6. Record Helium Storage Bottle Part and Serial Numbers

Bottle P/N 25, 4574o-/0/-/) * S/N 3 74qC9• t'cEjr

7. Install ultrasonic transducer test fixture on Helium Storage bottle per
Test Conductor direction.

8. Acquire ultrasonic measurement test data as required, following sufficient
test equipment warmup, per Test Conductor direction. So, i/.L-', 505C PsI

(APPi-%4ý > 5oool51 )

9. Upon completion of test activities, remove transducer test ixture and
reinstall clamp per dwg.

O0Sc vtL B - C.4A, •).

* lAm C. AZ4~PMOV~iAL ACT 't ()t 85n. .S& u-~'% 6,07i..i

A, Os)A
Et •.SA•A4AJ 0 flb1.ANA Ck=-

E .. LA,8ouV gN OtZ Ckc-AT- Trt4
J ,I . Y5 • ALCW511A.,-A 51L.

L.MAT7 IWS04 i7I- r 4''/2.
L JAookoL4-Se i F -AjDL(L44 A77jEA;,
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2-3631-6KD7-088

To: R. B. Cairns 8K-70
R. L. Hanson 82-21
J. 1. Hoggatt 2E-02
J. C. Johnson
M. W. Johnson 8J-75
B. E. Keller 83-86
T. J. Kramer 82-23
L. 3. Mason 85-03
T. K. Oswald 3A-60

CC: J. L. Gruber 3A-54 A. G. Olson 8J-96 *

3. S. Harbaugh 83-72
L. R. Hause 8W-11
C. E. Hilsinger 83-82
R. W. Lane 81-15
3. L. Mays 81-15
L. P. Torre 2E-01
6. H. Yamamoto 8Y-86

Subject: Demonstration of SRAM-A Helium Bottle Pressure
Measurement Using Ultrasound

Reference: EA 87-7-1-12A *Measurement of Gas Pressure Inside a
Sealed Bottle by Ultrasound

A demonstration of the pressure measurement technique will be at 10:00,
1 October (Thursday) in the SRAM/ALCM SIL, 18-43 Bldg. The
demonstration, on an unsquibbed Boeing helium bottle mounted on a
production configuration ground test missile, will be similar to the
demonstration to OC-ALC personnel during last week's quarterly review.

This issue has arisen because of indications of low helium bottle
pressure on the fourth ASAl flight (uses SRAM-A FCAA), & past
indications of a low bottle pressure at Hill AFB, & Boeing surveillance
bottles. Current procedure is to determine helium bottle pressure by
opening the hydraulic system & removing & weighing the bottle. Using
ultrasound, the bottle pressure can be determined while on the
FLAA--with a potential for significant reduction in work for Air Force
personnel.

This gas pressure measurement technique is being developed by M&P
(Larry Torre), ultrasonic test lab (Bob Hause), and our prime engineer
(Alden Olson). It's the best thing I've seen since the invention of
sliced bread. It has substantial potential for SRAM-A, ASAT, & other
systems requiring knowledge of pressure in sealed containers--possibly
some not of this world.

If you can make the demonstration, please call me (773-2717) or Alden
Olson (773-4127).

George K. Drag'eth2

SRAMIALCM Technology Manager

•-.. ..T. . . ..- ' •. . .. " -• ."'"m. - ." T .: • • . - " -. . . -: . -.
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